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The dermatologic literature contains a wide
variety of studies on the lipids of human epider-
mis and horny layers which do not originate
from the sebaceous glands (1 to 6). Nevertheless,
the composition and role of these substances
have not been subjected to systematic investi-
gations.
Interest in these compounds has been revived
by recent physico-chemical analyses which dis-
closed consistent changes in the physical status
of lipids of pathologic horny layers (7, 8, 9). A
close connection between the keratinization proc-
ess and lipid metabolism emerges from current
observations of keratinizing anomalies after the
administration of hypocholesteremic agents (10,
11, 12).
In this paper we will describe some of the
chemical and physical properties of a glyco-
proteolipid isolated from normal and pathologic
human horny structures. We also compared the
scales of patients with ichthyosis vulgaris with
the horny layers from subjects who developed
ichthyosiform changes from a hypocholesteremic
compound.
MATERIAL AND METHODS
1. Isolation of the Material
Callus (10 samples) and scales from patients
with various scaling dermatoses (psoriasis (8
cases), iehthyosiform erythroderma (2 cases),
ichthyosis vulgaris, seborrheic dermatitis, sun-
burn erythema and exfoliative dermatitis (1 case
each)) were pulverized in a Wiley mill to 60 mesh
size. One sample each of human hair and nails
were subjected to the same procedure. The kerat-
inous powder was exhaustively extracted over 3
or 4 days with several changes of ether, until the
extracting fluid contained no more dissolved
solids. After drying, the powder was shaken with
water for 24 hours, in order to remove water-
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soluble components. The horny material was
again dried and extracted with absolute ethyl
alcohol (about 100 mI/Gm). In early experiments
the horny powder was incubated for 2 weeks with
alcohol at room temperature with occasional
shaking. Later, in order to expedite the procedure,
we extracted by shaking for 4 days in a modified
Kahn-shaking apparatus (260 oscillations per
minute). In a few experiments pyridine served as
the extracting medium. The extracts were filtered
and evaporated to dryness.
2. Chemical Analyses
The following chemical analyses were performed
on the isolated material before and after hydrol-
ysis; (for technical reasons not all determinations
were carried out in all samples): amino nitrogen
with ninhydrin (13); protein with the Folin-
Ciocalteu-reagent (14); hexosamine with the
Elson-Morgan method, modified by Weber (15);
phosphate with King's method (16); choline with
Roman's method (17); fatty acid esters with the
hydroxylamine reagent (18).
A few samples were purified according to Folch
et al. (19); these samples were fractionated and
chromatographed according to Dawson (6, 20).
The spots were developed with the method of
Hanes and Isherwood (21).
3. Physical Studies
In order to establish whether the lipid material
contributed to the hypothetical cement in the
horny layer (22), we used a method described in
an earlier publication (23). In this procedure,
equal amounts of powdered scales are packed into
calibrated tubes in a standard way; inverted
tuberculin syringes serve well for this purpose.
Known amounts of oily liquids (e.g. mineral oil,
squalene, etc.) are pipetted onto the columns and
the time required for passage is measured. We
compared flow rates through pulverized scales
before and after extraction with alcohol.
4. Analyses of Scales from Ichthyosis and from
Subjects with Artificially Induced
Ichthyosiform Changes
Scales from prison inmates with artificially
induced "ichthyosis" were obtained through the
courtesy of Dr. Herbert Goldschmidt. The sub-
jects had received a triparanol derivative for 3—6
weeks, until they developed the characteristic
scaling condition (10, 12). Pooled samples from
white and colored subjects respectively were
collected in the early (8 weeks) and late (3—4
months) stages of scaling. We determined the
sulfhydryl (24), free amino nitrogen (13), hexos-
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amine (15) and pentose (25) contents of the scales
or their aqueous extracts. Protein (17) and phos-
phate (16) were estimated in the lipids extracted
from the scales with alcohol, as described above.
Similar analyses were performed in scales from a
patient with ichthyosis vulgaris.
RESULTS
1. Physical Characteristics and Chemical
Composition of the Glycoproteolipid
From all scales and horny structures alcohol
or pyridine extracted an amorphous, pale yellow
or colorless substance. The lipid dissolved readily
in chloroform, pyridine, ethyl or methyl alcohol;
it was insoluble in water, ether or acetone. Its
melting point was about 550 C. These character-
istics sharply distinguish it from sebum which
melts at body temperature and is soluble in ether
or acetone.
The amounts of this material fluctuated be-
tween 0.3 and 2.5%, as related to the ether and
water-washed dried scales. In nails we found
0.4%, in hair 0.2%. There was no indication of
a quantitative difference between normal and
pathologic horny layers; individual high values
(as in seborrheic dermatitis and after sunburn
erythema) require confirmation.
When the scales were extracted with alcohol,
the free amino nitrogen content of the extract
increased steadily until the 11th day; afterwards
it leveled off. We interpreted this phenomenon
as indicating a relatively slow solubilization, as
confirmed by quantitative studies as well.
In all samples we found protein, free amino
nitrogen, fatty esters and choline. Considerable
amounts of phosphate and varying quantities of
hexosamine were released after hydrolysis.
In the lipoprotein of the scales of psoriatics
the free amino nitrogen was lower than in callus
(Fig. 1). In a water-chloroform or water-chloro-
form-methanol mixture (19) the free amino nitro-
TABLE I
Protein content of glycoproteolipid extracted from
callus and psoriatic scales
Callus Psoriatic Scales
41 12.0%
42 18.5%
43 9.7%
44 7.1%
45 34.0%
46 9.7%
41 4.0%
42 3.2%
43 1.9%
44 7.7%
45 6.7%
46 3.3%
Average 15% Average 4.7%
TABLE II
Total phosphate in glycoproteolipid of callus and
psoriatic scales
Callus Psoriatic Scales
41 1.8
42 1.6
43 1.5
44 1.7
41 4.1
42 2.8
43 2.1
44 3.1
Average 1.7 mg/Gm Average 3.0 mg/Gm
gen almost completely went into the aqueous
phase. Solutions of the lipid in chloroform con-
tained but little free amino nitrogen.
The protein contents of the lipoprotein are
shown in Table I. The values are lowered in the
psoriatic specimens.
Hexosamine was released upon hydrolysis
only. It was present in all specimens tested. The
amounts varied from traces to 5.6 mg/Gm lipid.
There was no indication of a quantitative differ-
ence between normal and pathologic horny layers.
The same applies to fatty esters which showed
much variation without any trend in pathologic
conditions. Splitting of the esters by bacteria
may have been partly responsible for the fluctua-
tions.
The total phosphate levels are presented in
Table II. Fractionation, followed by paper chro-
matography, revealed that by far the largest
amounts of phosphate were present in the alkali-
labile phospholipids (fraction A); while the
alkali-stable, acid-labile fraction (B) and the
alkali and acid-stable phospholipids (fraction C)
contributed very small amounts. There is a
possibility that in some psoriatic specimens frac-
z
—
Fio. 1. Free amino nitrogen content of glyco-
proteolipid from callus and psoriatic scales.
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tion C was missing, but this finding requires
confirmation. Identification of the components
has not yet been achieved.
The lipids obtained by pyridine extraction
showed a greater variability than those extracted
with alcohol. The material obtained with pyridine
had no more hexosamine than the lipids extracted
with alcohol. The large individual fluctuations
in the lipids after pyridine extraction are illus-
trated in Fig. 2. For this reason in subsequent
work we used alcoholic extraction exclusively.
. Comparison of Scales from Ichthyosis and from
Subjects with Ichthyosiform Changes Induced
by a Triparanol Derivative
The water-soluble components show a remark-
ably similar distribution in the two conditions.
Although in the early stages of hypocholesteremic
scaling the sulfhydryl values are elevated, in the
later course they approach the normally low
levels. On the other hand, even a superficial
analysis of the lipoproteins reveals profound
differences between the two conditions. The data
appear in Table III.
3. Flow Rates Through Pulverized Scales Before
and After Alcoholic Extraction
Alcoholic extraction of pathologic scales re-
duces their marked resistance to the flow of oily
liquids to values which approximate the rapid
flow rates through callus (Fig. 3). In our experi-
ence no other pretreatment with various solvents
or keratolytic agents had any such pronounced
influence; none even approximated the marked
effect of alcohol.
TABLE III
Chemical composition of scales and of lipo protein.
in scales from ichthyosiform changes after a
triparanol derivative and in ichthyosis vulgaris
Ichthyosiform Changes
after Triparanol
Derivative Scales* Ich-
thyosis
Vulgaris
Early
stage
Late
stage
—SH(mMX1O2/l00
Gm)
Free amino N mg%
Hexosarnine mg%
Pentose mg/Gm
Protein mg/Gm
Phosphate mg/Gm
72,101
174,174
400,530
1.4,1.6
31,36
240,240
370,430
1.5,1.9
35
174
480
1.3
71
0.4
Lipoprotein
11.2
2.8,3.8
7.5
4.4
DISCUSSION
The fatty material which we isolated with
certain polar solvents from ether-treated horny
layers is much more firmly attached to the ke-
ratinous framework than the fats derived from
sebum. It is a complex substance which appar-
ently performs cementing functions. No solvent
or keratolytic agent tested by us was capable of
increasing the permeability of pulverized horny
layers as much as prolonged extraction with al-
cohol which removed this lipid.
In previous works we emphasized the cement-
ing function of epidermal mucopolysaccharides
(26—28). The presence of these substances has
since been confirmed by Smith and his coworkers
(29). We postulated that during normal keratini-
zation the epidermal mucopolysaccharides were
decomposed, while in certain pathologic scales
their degradation was incomplete and the scales
remained sticky and relatively impermeable.
However, it appears that the mucopolysaccha-
rides do not occur in a free form in situ, but are
combined in a larger molecule, apparently as a
glycoproteolipid. Regardless of the solvent used,
we can extract only some of the building stones
from this larger complex. Hexosamine and pro-
tein are invariably associated with the phospho-
lipid portion which is extracted by alcohol or
pyridine; when water serves as a solvent, it
removes primarily the mucoproteins while chlo-
roform primarily solubilizes the lipid fraction.
* One colored and one white pooled sample.
FIG. 2. Repeated analyses of two samples of
glycoproteolipid obtained by alcoholic and pyri-
dine extraction respectively.
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The extract therefore contains various fragments
of the "cement"; the total picture will have to be
assembled from these building stones:
Water Chloroform/
Glyccc: Protêo Lipid
Alcohol
Pyridine
Epidermal lipids may play an important role
in the pathogenesis of scaling skin diseases. This
concept has again emerged from Swanbeck's
recent X-ray diffraction analyses of normal and
pathologic horny layers. They all contained a
lipid which could be removed with a mixture of
ether and alcohol. In pathologic scales this mate-
rial occurred in a crystalline state, while in
presumably normal horny layers it remained
amorphous (8, 9). The difference in the physical
state of the lipids could well be a reflection of
their different chemical composition. This as-
sumption is supported by our finding of a rela-
tively high protein content in the lipoprotein of
callus, as compared with psoriasis.
Our data also support the findings of Holmes
who was the first to extract a lipoprotein with
alcohol from human hair which had been pre-
treated with ether. He too found a relatively
variable composition of this substance. The much
higher protein content of his material, as com-
pared to ours, is probably due to the fact that he
did not extract the hair with water, as we did in
our studies. After the removal of this substance,
human hair became more vulnerable to enzymatic
digestion by papain (30).
The relatively high phosphorus content of the
lipoproteins of psoriatic specimens is in agree-
ment with Gerstein (6) who found about 50%
more phospholipid phosphorus in psoriatic epi-
dermis than in normal controls. His data also
showed that the alkali-labile phospholipids were
preponderant; they contained lecithin, phos-
phatidyl ethanolamine, cephalin and phos-
phoinositide.
The origin of the glycoproteolipid is obscure.
Some of it may be in the keratohyalin granules
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FIG. 3. Flow rates of oily liquids through pulverized scales before and after extraction of glycoproteolipid
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which become closely associated with the keratin
filaments during the process of keratinization
(31, 32). When sections of human skin are fixed
in methanol-chloroform rather than in formalin,
subsequent incubation with hot water or hydro-
chloric acid dissolves the keratohyalin granules,
as described by Lillie (33). This effect could be
due to removal of a protective lipid substance.
We could confirm Lillie's observation when hy-
drochloric acid served as a keratin solubilizer
(Fig. 4). When the formation of keratohyalin
is impaired, as in psoriasis, the material which
normally contributes to it is apparently abnor-
mal. It is dispersed in the horny layer and may be
partly responsibile for the abnormal physical
and chemical properties of psoriatic scales.
The presence of structural lipids in all human
horny organs, known for a long time and re-
emphasized by our studies, has major implications
for dermatologic research, clinical dermatology
and topical therapy.
1. From the standpoint of basic research, it was
a mistake to consider ether or acetone-treated
horny structures as "defatted". They still contain
alcohol-soluble lipids in intimate association with
the horny framework. Fortunately, in most speci-
mens the amounts of glycoproteolipid are so
small that they do not invalidate existing ana-
lytical data. For more refined studies this sub-
stance cannot be overlooked.
2. The invariable presence of lipids in close
combination with the keratins may be of funda-
mental importance for clinical dermatology. The
development of keratinous structures (horny
layer and hair) can be seriously impaired by
interference with lipid metabolism (10, 11, 34).
Our analytical data of scales caused by adminis-
tration of a triparanol-derivative, also suggest
that it is possible to disrupt the formation of
horny structures by altering the lipid metabolism.
Investigation of the glycoproteolipid may help in
the classification, etiology and treatment of
scaling diseases, the most obscure of all derma-
toses.
3. The composition of the glycoproteolipid
may have a profound influence on topical therapy.
Three basic aspects of local treatment are closely
linked to this compound: percutaneous absorp-
tion, water-holding capacity and emolliency of
of the horny layer.
Lipoproteins have been long proposed as the
main compounds responsible for the epidermal
barrier function (2, 35, 36); yet, their chemical
nature has not been closely investigated. Lipids
also protect the water-holding components of
the stratum corneum from being leached out by
water. In Blank's classical studies, pyridine
and other polar solvents were the most effective
in paving the way for the removal of the hygro-
scopic components by water (37). Finally, lipids
may have a major role in emolliency. Although
this concept has not been exactly defined, it is
most likely the softening of the horny layer by
differential adsorption of fatty substances. In
FIG. 4. Left: Section of human skin fixed in formaldehyde and incubated with N hydrochloric acid.
Right: Section from same specimen, fixed with methanol-chloroform (1:1) and incubated with N hydro-
chloric acid. Note dissolution of keratohyalin granules.
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this reaction the glycoproteolipid may participate
by mixing with topically administered lipids. t
In spite of the far-reaching importance of this
process in dcrmatological therapy, only a few
quantitative studies exist in this field (38—41).
SUMMARY
1. From normal and pathologic horny layers
which have been exhaustively extracted with
ether, a lipid is removed with alcohol and some
other polar solvents
2. The physical properties of this substance
distinguish it from sebum. It contains protein,
choline, combined phosphorus and hexosamine.
These features characterize it as a glyeopro-
teolipid.
3. In the glycoproteolipid extracted from psori-
atic scales there is more phosphorus and less pro-
tein than in samples obtained from callus. There
are no indications of quantitative differences
between normal and pathologic scales.
4. After extraction of the glyeoproteolipid, the
sluggish flow rates of oily liquids through pul-
verized pathologic scales are speeded up to nor-
mal values, suggesting that the glyeoproteolipid
performs cementing functions in the horny layer.
5. It appears that mucopolysaceharides do not
occur in a free form in the epidermis, but are at
at least partially combined with lipids. The glyco-
proteolipids probably play a role in the barrier
function, hygroscopieity and emolliency of the
horny layer.
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